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A comparison of renal phosphorus regulation in thermally-injured and multiple trauma
patients receiving specialized nutrition support

Roland N. Dickerson, Jane M. Gervasio, Justin J. Sherman, Kenneth A. Kudsk, William L.
Hickerson, Rex O. Brown

Abstract

To compare phosphorus intake and renal phosphorus regulation between thermally injured
patients and multiple trauma patients, 40 consecutive critically ill patients, 20 with thermal
injury and 20 with multiple trauma, who required enteral tube feeding were evaluated.
Phosphorus intakes were recorded for 14 days from the initiation of tube feeding which was
started 1 to 3 days post-injury. Serum for determination of phosphorus concentrations was
collected at days 1, 3, 7, and 14 of the study period. A 24-hour urine collection was obtained
during the first and second weeks of nutrition support for urinary phosphorus excretion,
fractional excretion of phosphorus, renal threshold phosphate concentration, and phosphorus
clearance. Average total daily phosphorus intake during the 14-day study for thermally
injured patients and multiple trauma patients was 0.99 + 0.26 mmol/kg/d vs 0.58 + 0.21
mmol/kg/d, respectively, p <.001. Serum phosphorus concentration on the third day of
observation was significantly lower in the thermally injured group than those with multiple
trauma (1.9 = 0.8 mg/dL vs 3.0 £ 0.8 mg/dL, p <.01). A trend toward hypophosphatemia in
the thermally injured group persisted by the seventh day of feeding (2.7 + 1.2 mg/dL vs 3.3 £
0.6 mg/dL, p <.04). Differences in urinary phosphorus excretion was not statistically
significant between the thermally injured and multiple trauma groups (271 £ 213 mg/d vs
171 £ 181 mg/d for week 1, and 320 + 289 mg/d vs 258 + 184 mg/d for week 2,
respectively). Urinary phosphorus clearance, fractional excretion of phosphorus, or renal
threshold phosphate concentrations were also not significantly different between thermally
injured and multiple trauma patients. During nutrition support, serum phosphorus
concentrations are lower in thermally injured patients compared with multiple trauma
patients despite receiving a significantly greater intake of phosphorus. Renal phosphorus
regulation does not significantly contribute to the profound hypophosphatemia observed in
thermally injured patients when compared with multiple trauma patients during nutrition
support.

Hypophosphatemia is a problem in the hospitalized patient! and often occurs during the
administration of specialized nutrition support.2# Death coinciding with severe
hypophosphatemia has been reported,> and phosphorus replacement is essential in the
metabolic management of the critically ill patient.*%7 Two populations of hospitalized
patients noted to be particularly challenging in the attainment of phosphorus balance are
thermally injured patients®-!! and multiple trauma patients.!>14 In the critically ill,
hypophosphatemia often occurs within two to five days post-injury. The severity of
hypophosphatemia has been reported to increase with the severity of illness!3 and the degree



of undernutrition.’> Both thermally injured and multiple trauma patients have similar proposed
etiologies of phosphorus loss including the metabolic response to stress,® nutrition
administration,>!¢ alkalemia,!” and medications.!8-20

Although the presence of hypophosphatemia in thermally injured and multiple trauma
patients is established, little work has been done in regards to examining renal regulatory
response to alterations in phosphorus metabolism in critically ill, tube-fed patients. After
years of clinical management of these two patient populations, through an active nutrition
support service, a perception that thermally injured patients required more phosphorus to
achieve normal serum phosphorus concentrations than their multiple trauma counterparts
developed. This study was undertaken to compare severity of hypophosphatemia between
thermally injured and multiple trauma patients and to ascertain whether a substantial
difference in the renal regulatory response was the etiology for the presumed worsened
hypophosphatemia in thermally injured tube-fed patients.

Clinical Relevancy

This paper illustrates the significant hypophosphatemia that occurs with thermal injury when
compared to other patients with serious injury such as multiple trauma. Profound
hypophosphatemia occurred despite provision of substantially more phosphorus to the
thermally injured patients than that given to multiple trauma patients. This phenomenon is
not due to an apparent defect in renal phosphate regulation or exaggerated renal phosphorus
excretion or differences in energy intake between the thermal injury and multiple trauma
groups. Published literature suggests wound losses would also not account for the marked
discrepancy between phosphorus intake and output as found in this study. Taken together,
these data suggest other mechanisms outside of overt losses are responsible for the increased
phosphorus requirements in thermally injured patients receiving specialized nutrition support.

Materials and Methods

This was a prospective study conducted in a level I trauma center and a regional burn center
from the Regional Medical Center at Memphis in Memphis, Tennessee. The study was
approved by both the University of Tennessee Investigational Review Board and the medical
center. The investigational review board waived the need for informed consent. A total of 40
consecutive patients requiring enteral feeding, 20 thermally injured patients and 20 multiple
trauma patients, were studied. Only patients who were admitted into the burn or trauma
intensive care centers were enrolled into the study. Patients had to be between 18 to 60 years
of age, sustained either >20% total body surface area burn or multiple trauma, and required
specialized nutrition support. Patients with significant renal impairment (serum creatinine
>1.6 mg/dL), alkalemia (arterial pH > 7.50), or history of diabetes mellitus were excluded.
Patients were assessed for inclusion into the study at the initiation of specialized nutrition
support, which was within one to three days of admission into the hospital. Patients could



receive either parenteral or enteral nutrition; however, the enteral route was used first in all
patients.

The Tobiasen Burn Severity Index Score,?! Trauma Score,?? and Injury Severity Score?? were
calculated at the time of admission into the hospital. The Acute Physiology and Chronic
Health Evaluation-I1 (APACHE-II) Score?* was calculated for each patient within the first 24
hours of inclusion into the study. Serum phosphorus concentrations were collected at days 1,
3, 7, and 14 after the initiation of enteral nutrition. A 24-hour urine was collected within the
first 48 hours of enteral nutrition (week 1) and repeated the following week (week 2) for
determination of urinary phosphorus excretion, fractional excretion of phosphate (FEP), renal
threshold phosphate concentration, and phosphorus clearance. Phosphorus clearance was
calculated by dividing the urinary phosphorus excretion (mg/d) by the serum phosphorus
excretion (mg/dl) and converted to ml/min. Fractional excretion of phosphate (%) was
calculated from the ratio of urine phosphorus divided by serum phosphorus divided by the
ratio of urine creatinine to serum creatinine and the overall product multiplied by 100. The
renal threshold phosphate concentration was estimated using the nomogram of Walton and
Bijovoet.?’ Daily phosphorus intake was recorded during the first 14 days of nutrition
support. Phosphorus intake was divided into two separate categories: enteral (phosphorus
received via tube feedings or by mouth) and I'V (phosphorus received via IV bolus or by
parenteral nutrition). Patients who were able to attempt an oral diet were offered meals
consisting of 2000 kcal's (15% protein) and 37.5 mmol of phosphorus daily. Net total
phosphorus intake was calculated from 60% absorption for the enteral route?®?” and 100%
availability by the IV route.

Medications reported to cause decreases in serum phosphorus concentrations were also
recorded during the 14 days of the study. Arterial blood gases and serum electrolytes were
monitored daily until the patients were weaned from mechanical ventilation. Thereafter,
patients were started on a regular diet. In addition to the serum phosphorus concentrations
collected via the established, restudy clinical protocol, additional serum phosphorus
concentration measurements were obtained by the Nutrition Support Service or primary
service as clinically indicated. Electrolyte replacement was managed by the Nutrition
Support Service or the respective primary service. Patients with serum phosphorus
concentrations below 3 mg/dL were given IV phosphorus boluses using guidelines developed
at our institution.* Patients were determined to have mild (2.3mg/dL to 3.0 mg/dL), moderate
(1.6 mg/dL to 2.2 mg/dL), or sever (<1.6 mg/dL) hypophosphatemia. Patients then received a
one-time phosphorus bolus using a graduated dosing scheme: 0.16 mmol/kg, 0.32 mmol/kg,
or 0.64 mmol/kg for mild, moderate, or severe hypophosphatemia, respectively. Serum
phosphorus concentrations were done a least once daily with daily IV boluses given in
addition to supplemental phosphorus added to the tube feeding as either sodium or potassium
phosphate. The IV bolus infusions were given over 4 to 6 hours. Patients with serum
phosphorus concentrations <1.5 mg/dL had repeat serum concentrations performed 2 to 4
hours after the bolus was given. If the serum concentrations was <2.0 mg/dL, a second IV
bolus was given.



The Nutrition Support Service managed the patients’ specialized nutrition support. The
Toronto formula?® was used to estimate caloric requirements of thermally injured patients.
Multiple trauma patients’ energy requirements were estimated at 30 to 35 kcals/kg/d.
Estimated protein requirements were 2 to 2.5 g/kg/d for patients with thermal injury and 1.5
to 2 g/kg/d for multiple trauma patients. Mean daily caloric and protein intake was calculated
for each group.

A 10 mL alquot of urine was obtained from each week’s 24-hour urine collection. The sample
was immediately frozen at -20 degrees Celsius. Urine phosphorus assays were performed by
quantitative colorimetric spectrophotometry (Sigma, St. Louis, MO). Urine samples were
diluted to provide concentrations within the range of the lowest and highest concentration of
the five point standard curve.

Statistical analyses were performed using SPSS version 6.1 for Windows (SPSS Inc,
Chicago, IL). The ¢ test for independent variables were used to compare the single
measurements between the two groups. For comparison of two observations within the same
group, the paired ¢ test was used to measure the significance of these differences. These
pairwise comparisons were confirmed by nonparametric analysis using the Mann-Whitney U
test and Wilcoxon signed ranks test for independent and paired groups, respectively, to insure
any observed differences were not attributable to differences in population distribution. For
data expressing the same variable measured on multiple occasions over time, repeated
measures analysis of variance (RMANOVA) was performed to detect differences in these
measurements between the two populations. The populations were tested for sphericity and
then the univariate RMANOVA was conducted if the assumption was correct. If the
sphericity assumption was rejected, then the multivariate RMANOVA was performed. The
Fisher Exact probability test w a s used to compare nominal data. All continuous data are
expressed as mean + SD. Because of the large number of pairwise comparisons and the
increased risk for error, these two-tailed comparisons were considered

statistically significant at a lowered p value of < 0.01; however, the p value was given for
comparisons with a p value of < 1.0. Any p values >1.0 were expressed as

N.S. (not significant).

Results

Because the non-parametric statistical testing results did not conflict with the findings of the
parametric tests, we chose to report the p values from the parametric tests. The baseline
patient demographic characteristics and nutritional indices for the two groups appear in Table
1. Both groups were fairly well matched with similar age, gender distribution, height, weight,
percent ideal body weight, serum albumin concentration, and serum pre albumin
concentration. Significant differences between groups at baseline were a higher APACHE-II
score in the thermally injured patients. All patients began enteral tube feedings within 1 to 3
days of injury and received either an immune-enhancing formula or a conventional high-
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Table 1. Patient demographic data

Multiple trauma group

Thermal injury group

Characteristic (N =20) (N =20) p<
Demographics

Age (yrs) 353+11.4 38.7+11.7 NS

Gender (M/F) 15/5 15/5 NS
Disease severity

Tobiasen BSI — 7.4+1.7

Trauma Score 84+2.6 —

ISS 27.6+7.2 —

APACHE-II 9.2+4.6 13.1+4.7 0.01
Admitting Diagnosis (N)

MVA 13 —

CHI 9 —

GSW 3 —

Fall 3 —

Assault 3 —

Pedestrian Struck 1 —

Thermal Injury — 20

Inhalation Burn Injury Involvement — 5
Nutrition parameters

Height (cm) 173+ 8 170 £ 12 NS

Weight (kg) 83.9+15.0 79.7+13.3 NS

IWB (kg) 69.4+10 69.1+9.6 NS

% IBW 124 £ 36 119 +28 NS

Albumin (g/dL) 22+0.6 2.5+09 NS

Prealbumin (mg/dL) 12+5 13£5 NS

Creatinine (mg/dL) 0.8+0.2 1.0+0.3 0.04
Nutrition Formulas (N)

High protein 17 11 0.05

Immune-enhancing 3 9

BSI, Burn Severity Index; ISS, Injury Severity Score; APACHE-II, Acute Physiology and Chronic Health
Evaluation-II score; MVA, motor vehicle accident; CHI, closed head injury; GSW, gun shot wound; IBW,
ideal body weight.

protein formula. Significantly more patients in the thermally injured group received an
immune-enhancing formula than patients in the multiple trauma group (Table 1). However,
urinary phosphorus excretion in the thermally injured patients who received an immune-
enhancing formula vs those who received a conventional high-protein formula was not
significantly different. Only two patients required the addition of short-term parenteral
nutrition because of intolerance to tube feedings. Both patients were in the multiple trauma
group and each received parenteral nutrition for 3 days during the entire 14 days of study.
Four patients with multiple trauma and three patients with thermal injury were able to
consume a regular diet near the end of the 14-day study period. The mean daily caloric and
protein intake between the multiple trauma and thermal-injury patients over the 14-day
observation period were not significantly different from each other (1259 + 392 kcals/d and
74 £ 30 g/d vs 1668 =271 and 92 + 21 g/d, respectively, p = N.S.). Medications received by
the patients that may potentially alter phosphorus homeostasis were similar between groups
except a greater number of thermally injured patients received furosemide (Table 2).
However, furosemide and corticosteroid use was infrequent and not given on a consistent



Table 2. Medications influencing phosphorus homeostasis

Medications Multiple trauma group Thermal injury group p=
Furosemide 0 11 0.01
Antacids (scheduled) 0 2 NS
Sucralfate 2 0 NS
Catecholamines

Epinephrine 0 1 NS

Norepinephrine 0 1 NS
Glucocorticosteroids 1 8 0.02
Estrogen 1 0 NS

basis for any of the patients; there was no significant difference in urinary phosphorus
excretion between those thermally injured patients who had received furosemide or
glucocorticosteriods vs those not given these drugs.

Mean total daily phosphorus intake during the 14-day study was significantly higher in the
thermally injured patients compared with those with multiple trauma (0.99 + 0.26 mmol/kg/d
vs 0.58 £ 0.21 mmol/kg/d, p <.001), as given in Table 3. The mean amount of daily
phosphorus received in the thermally injured patient was greater each day of the study period
when compared with multiple trauma patients. Multivariate repeated measures ANOVA
demonstrated significant a difference in daily phosphorus intake over the 14 days of
observation between the two groups (Fig. 1; p <.0001). The net total amount of phosphorus
received by the thermally injured patients was also significantly greater than the multiple
trauma patients (Table 3). Multivariate repeated measures ANOVA did not demonstrate an
overall difference in serum phosphorus serum concentrations between groups over the 4-
sample, 14-day observation period (Fig. 2, p = .08); however, serum phosphorus levels were
significantly different (»p <.01) between both groups on the third day of feeding with a trend
toward a difference (p = .04) at day 7 [1.9 £ 0.8 vs 3.0 £ 0.8 mg/dL (Day 3) and 2.7 £ 1.2 vs
3.3 £0.6 mg/dL (Day 7); Figure 2].

Table 4 contains the comparative data regarding variables to describe urinary phosphorus
regulation. Mean urinary phosphorus excretion (mg/d) was 60% greater in the thermally
injured patients than the multiple trauma patients during the first week, but this difference
was not statistically significant due to substantial variability in phosphorus excretion between
both groups. There was a trending increase in urinary phosphorus excretion by the second
week for both groups; however these differences from week 1 to week 2 were not significant
(Table 4). Mean urinary phosphorus excretion for the thermally injured patients was 24%
greater than the multiple trauma group for week 2; however, these differences were not
statistically significant. Fractional excretion of phosphorus (FEP) and urinary phosphorus
clearance were not statistically different between groups the first week; however, during the
second week, differences in the FEP and urinary phosphorus clearance between the groups
approached statistical significance (Table 4; p < .05 and p < .06, respectively). The renal
threshold phosphate concentration was not significantly different between groups or different



Table 3. Average daily phosphorus intake

Multiple trauma group Thermal injury group p=
Week 1
Parenteral
(mmol/d) 7+0.1 21+ 13 0.001
(mmol/kg/d) 0.08 £ 0.07 0.27+0.16 0.001
Enteral
(mmol/d) 32+17 53+17 0.001
(mmol/kg/d) 0.40 +0.23 0.69 +0.22 0.001
Total Intake
(mmol/d) 39419 72427 0.001
(mmol/kg/d) 0.48 +£0.23 0.95+0.35 0.001
Total “Net” Intake*
(mmol/d) 26+ 12 53+20 0.001
(mmol/kg/d) 0.31+0.16 0.69 +0.25 0.001
Week 2
Parenteral
(mmol/d) 23+0.0 55+5.6 0.05
(mmol/kg/d) 0.03 +£0.04 0.07 = 0.06 0.02
Enteral
(mmol/d) 51+19 73 £23 0.001
(mmol/kg/d) 0.63 +£0.25 0.95+0.26 0.003
Total Intake
(mmol/d) 53+20 79 +£ 27 0.001
(mmol/kg/d) 0.47+0.26 1.01 £0.30 0.003
Total “Net” Intake*
(mmol/d) 33+13 49 + 18 0.001
(mmol/kg/d) 0.40+0.16 0.63+0.19 0.001
Both Weeks
(Average)
Parenteral
(mmol/d) 5+5 13+9 0.002
(mmol/kg/d) 0.06 = 0.06 0.17+0.12 0.001
Enteral
(mmol/d) 42+ 15 63 £18 0.001
(mmol/kg/d) 0.52+0.21 0.82+0.22 0.001
Total Intake
(mmol/d) 47 £15 76 +20 0.001
(mmol/kg/d) 0.58 £0.21 0.82+0.22 0.001
Total “Net” Intake*
(mmol/d) 3010 51+ 14 0.001
(mmol/kg/d) 0.37+0.13 0.67+0.19 0.001

*Total “Net” Intake assumes 60% bioavailability of enteral phosphorus and 100% bioavailability from
intravenous phosphorus

between weeks. No statistically significant correlation was observed between the Tobiasen
Burn Severity Index score or Apache II score and urinary phosphorus excretion.
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Figure 1. Mean daily phosphorus intakes in multiple trauma patients (open circles) compared with thermally
injured patients (closed circles). Multivariate repeated measures ANOVA demonstrated a significant difference

in daily phosphorus intake over the 14 days of observation between the two groups (p <.001). Differences
between groups by day are noted by: *p <.01 +p <.05
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Figure 2. Serial serum phosphorus concentrations in multiple trauma patients (open circles) and thermally
injured patients (closed circles). Multivariate repeated measures ANOVA did not demonstrate an overall
difference in serum phosphorus concentrations between both groups over the 14 day observation period
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Table 4. Renal phosphorus regulation

Multiple trauma Thermal injury p<

Urinary Phosphorus Excretion (mg/d)

Week 1 171 £ 181 271 £213 NS

Week 2 258 + 184 320 +289 NS
Clu-phos (ml/min)

Week 1 4.6+4.7 7.5+6.7 NS

Week 2 53+35 6.4+52 0.06
FEP (%)

Week 1 16 £15 22+ 19 NS

Week 2 15+13 32+26 0.05
TmP/GFR (mmol/L)

Week 1 1.07 £ 0.47 1.27+043 NS

Week 2 0.99 +0.46 1.10£0.62 NS

Clu-phos, urinary phosphorus clearance; FEP, fractional excretion of phosphorus; TmP/GFR, renal threshold
phosphate concentration; NS, not significant

Discussion

Hypophosphatemia is a common problem in critically ill patients and even more prevalent in
patients who are given specialized nutrition support.”* Marik and coworkers found that 34%
of tube-fed critically ill patients had significant hypophosphatemia (serum phosphorus < 0.65
mmol/L or <2.1 mg/dL) as a result of the combination of refeeding, malnutrition, and critical
illness.? Other data have suggested that hypophosphatemia may be particularly prevalent in
thermally injured patients.®12282% Human and experimental models have demonstrated the
decrease in concentrations of high energy phosphorylated compounds after thermal injury in
response to hypophosphatemia.!®-!23%-35 Qur unpublished clinical observations from the
Regional Medical Center’s trauma and burn units suggested to us that the thermal injury
patient receiving specialized nutrition support required more phosphorus in an effort to
maintain a normal serum phosphorus concentration than a multiple trauma patient receiving
specialized nutrition support. However, there were no published data to verify these
observations. As a result, we sought to compare renal phosphorus excretion and other
markers of renal phosphorus regulation between these two populations to ascertain if the
apparent discrepancies in intake and serum phosphorus concentrations in thermally injured
patients could be explained by differences in renal regulation of phosphorus. Our data
confirmed our previous clinical observations that enterally fed, thermally injured patients
have lower serum levels of phosphorus than enterally fed, multiple trauma patients despite
receiving a substantially greater phosphorus intake. In addition, although urinary phosphorus
excretion was modestly greater in thermally injured patients compared with multiple trauma
patients, this difference was not statistically significant and does not explain the discrepancy
between intake, output, and resultant serum concentrations of phosphorus in thermally
injured patients.



Evidence of postburn hypophosphatemia within 2 to 10 days postinjury has been established
for over two decades.®® This decrease in serum phosphorus concentration also leads to
decreases in high energy phosphorylated compounds in the muscle in burned patients.'?
Hypophosphatemia can no longer be disregarded, as a laboratory observation as the clinical
consequences of even moderate hypophosphatemia such as impaired diaphragmatic
contractility and myocardial depression are now well established.>3¢-37 Early investigations
suggested that increased urinary excretion of phosphorus may be the etiology for postburn
hypophosphatemia. These studies demonstrated mean daily urinary phosphorus excretion
rates of approximately 15 to 35 mmol/d.®? In contrast, thermally injured patients from our
study had mean urinary phosphorus excretion rates of 9 to 12 mmol/d despite an average net
combined parenteral and enteral combined intake of about 50 mmol/d (of which 30% of the
total phosphorus intake was from the parenteral route). The thermally injured patients’
urinary phosphorus excretion in our study was modestly greater than the comparative
(multiple trauma) group, but due to considerable variability in the data, these differences
were not statistically significant. In addition, the thermally injured group’s urinary
phosphorus excretion was much lower than expected, as they received an intake almost twice
that of the multiple trauma control group during the first week of the study. These data appear
to dispute the early findings of excessively high urinary phosphorus excretion rates.
However, it is difficult to interpret these older studies and contrast it with our data due to a
lack of pertinent information such as documentation of phosphorus intake, amount of
nutrition given, and omission of a comparative group in those previous reports. In a recent
study of mineral losses in the urine and wounds of burned patients fed enteral nutrition,
Berger!> suggested that the extent of urinary loss of phosphorus was the principal source of
phosphorus depletion; however, the authors stated that the urinary phosphate excretion
tended to be low between postburn days 4 to 7 with a mean loss of about 25 mmol/d, which
was about twice the urinary excretion rate of our population. Also, their mean combined
parenteral and enteral phosphorus intake was about 30 to 40 mmol/d for the first 10 days,
which is lower than our mean total intakes of 72 mmol/d for the first week and 79 mmol/d for
the second week (“net” intakes of 53 and 49 mmol/d, respectively). Reasons for this
discrepancy between the data of Berger!> and from our study are not clear, but it may be
related to different patient populations. Severity of illness in the population may be an
important difference between Berger’s data and ours as the mean Tobiasen Burn Severity
Index for their population was about 15 in contrast to a mean score of 7.4 for the burned
patients in our study. The Burn Severity Index takes age, gender, extent and depth of burn
injuries, presence or absence of inhalation injury, and burns to risk areas into account.
Patients are considered to be severely burned when their index is greater than 7.2! These data
may suggest that our thermal injury population may have been less severely burned.
Unfortunately, insufficient data were provided in the Berger study15 to compare nutritional
regimes with our data and may have been an additional contributing factor to these
differences.

Previous literature suggested a renal tubular abnormality in phosphate reabsorption as an
etiology for postburn hypophosphatemia as evidenced by an increased fractional excretion of

10



phosphorus.’ Lenquist et al’s data indicated that the fractional excretion of phosphorus was
markedly elevated in thermally injured patients as the fractional excretion rates ranged from
8.5% to 50%.° We found the mean fractional excretion of phosphorus of thermally injured
patients were similar to the multiple trauma patients during the first week (Table 4) at 22%
and 16%, respectively. During the second week, thermally injured patients tended to have a
greater fractional excretion rate of phosphorus compared with control; however, these
differences were not statistically significant at the p < .01 level of significance (32% vs 15%,
p < .05 respectively). However, this trending difference is mostly likely attributable to our
persistence of aggressive phosphorus dosing in the thermally injured patients despite
apparent recovery of phosphorus depletion as evidenced by rising serum phosphorus
concentrations into the normal range. Unfortunately, these data may be confounded as the use
of fractional excretion as a marker of increased tubular secretion or decreased reabsorption is
limited, and some have suggested that its use may not be appropriate for phosphorus.?’” Renal
threshold phosphate concentration (TmP/GFR ratio) using the Walton and Bijvoet
nomogram?’ estimates the serum phosphorus concentration by which serum concentrations
below suggest all phosphate is reabsorbed and above where phosphate excretion parallels that
of inulin clearance. The mean renal threshold phosphate concentrations were similar between
thermally injured and multiple trauma patients which is within the anticipated normal range
of 2.5 mg/dL to 4.2 mg/dL.3® When combined with the urinary excretion data, these data
indicate that our thermally injured patients did not have a defect in renal tubular reabsorption.
We also examined urinary phosphorus clearance, which describes the relationship between
urinary phosphorus excretion and serum phosphorus concentration. The urinary phosphorus
clearance arguably may be the best marker for assessing renal phosphorus compensatory
response. Table 4 indicates that there was no significant change in urinary phosphorus
clearance between weeks 1 and 2 for both groups; however the thermally injured patients had
a greater urinary phosphorus clearance than the multiple trauma patients that nearly achieved
statistical significance by the second week (p = .06, Table 3). These data support our
fractional excretion data and may suggest a trend toward an increase in urinary clearance of
phosphorus in the presence of aggressive phosphorus dosing when serum concentrations and,
presumably, phosphorus stores approach normalization or equilibration by the second week
of feeding. Because previously published studies lack detail regarding amount of phosphorus
intake, it is impossible to evaluate our findings in perspective with other published literature.

Exudative losses are another consideration for source for phosphorus loss in burned patients.
Berger and coworkers'® suggested that exudative losses combined with urinary losses may
explain the increased mineral requirements after thermal injury. In their analysis of 16
patients with 20% to 55% total body area surface burns, mean phosphorus losses were 5 to
22 mmol per day. However, individual daily exudative losses were highly variable ranging
from 0 to 60 mmol. The investigators also found no significant correlation between exudative
phosphorus loss and percent total body surface area burn; however, a modest linear
correlation was found between exudative phosphorus loss and the Tobiasen Burn Severity
Index (r = .55). Exudative phosphorus losses were not measured in this study; however, our
population had a mean Tobiasen index half of those patients described by Berger (7.4 vs 15,
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respectively). Therefore, we would expect exudative phosphorus losses to be less in our
patient population.

Certain medications used in the critical care setting have been shown to reduce serum
phosphorus concentrations and cause negative phosphorus balance.'-20 Some patients
received these medications, as shown in Table 2. The most common medications known to
induce hypophosphatemia used in our study populations included aluminum, magnesium, or
combination-containing antacids and sucralfate. Some patients in either the trauma or burn
intensive care unit received an “as needed” antacid order. The antacid was given based on the
patient’s gastric pH. Only two patients, both in the TI group, were placed on a scheduled
antacid dose each for 2 days. None received sucralfate. More thermally injured patients
received furosemide than multiple trauma patients; however, the phosphaturic eftects of
furosemide are considered to be minimal.2® Comparison of the renal phosphorus regulation
markers in thermally injured patients showed no statistically significant difference between
those who received furosemide vs those who did not receive furosemide. Similar findings
were demonstrated when examining renal phosphorus markers in those thermally injured
patients who received glucocorticosteriods. Therefore, medications were not likely to
substantially influence phosphorus balance in our thermally injured and control multiple
trauma populations during this study.

Patients received IV phosphorus via IV boluses or parenteral nutrition and enterally via tube
feedings with or without supplemental phosphorus. Enteral phosphorus is approximately
60% to 70% bioavailable and may increase to 90% with low intakes.?-*” The phosphorus
content of the immune-enhancing formulas was either 500 mg/L or 864 mg/L depending on
which formula was used. The high-protein enteral formulas contained 758 mg/L or 800 mg/
L. More patients in the thermally injured group received immune-enhancing diets than in the
multiple trauma group; however, it is unknown whether these formulas substantially
influence phosphorus metabolism. Comparison of the data in those thermally injured patients
who received immune-enhancing diets vs conventional high-protein feedings suggested no
statistically significant influence by the type of enteral tube feeding upon these renal
phosphorus markers. Additional enteral phosphorus supplementation was accomplished by
adding either 5 to 10 ml of Phosphosoda (20 mmol sodium phosphate per 5 ml) or 15 or 30
mmol of potassium phosphate injection per liter of tube feeding. None of the patients in
either group had significant diarrhea or evidence of malabsorption. It is unlikely that the type
of enteral feeding formula or method of enteral phosphorus supplementation provided to the
patients was a major confounding factor.

Thermal injury has been described in numerous studies as one of the most hypermetabolic
conditions in critical illness.?*-#! Data from our burn center indicate measured resting energy
expenditures ranging from approximately 110% to 200% of predicted energy expenditure by
the Harris-Benedict equations.*? Because their energy needs may be higher than other
critically ill populations, it is anticipated that the demand for phosphorylated intermediary
compounds of energy metabolism is also increased. Yu and coworkers3® have estimated that
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ATP-consuming reactions (that require additional phosphorus) explain approximately 57% of
the increase in energy expenditure in thermal injury. In addition, patients may be rebuilding
new tissues after skin grafting of their wounds. These data may provide a plausible
explanation for the increased phosphorus requirements in our thermally injured patients
given the lack of significant differences in urinary excretion compared with trauma patients.

Our target caloric goals were likely higher for the thermally injured patients than multiple
trauma patients. However, due to episodic intolerance of enteral feeding and operative
procedures, the thermally injured and multiple trauma patients received similar caloric
intakes during this two week observation period. These data indicate hypophosphatemia
could not be attributable to a greater caloric intake (increasing phosphorus requirements due
to greater carbohydrate intake) in one group than another.

Other mechanisms may be responsible for the phenomenon of post-burn hypophosphatemia,
including increased inflammatory cytokine production,*? heterotopic bone formation,**
increases in calcitonin production,® increased catecholamine secretion,’!? alkalemia,!” insulin
resistance, and decreased cellular uptake of phosphorus.!? Patients with alkalemia were
excluded from study entry, and unfortunately, we did not investigate these other potential
mechanistic etiologies for hypophosphatemia.

An evaluation of phosphorus balance would provide some significant insight regarding
phosphorus requirements in thermally injured patients. However, because of the difficulty in
collecting exudative losses from all textiles surrounding the patient and determining the
extent of phosphorus absorption from the tube feeding via stool losses, determination of
phosphorus balance would be extremely difficult. Application of the knowledge learned
regarding wound phosphorus losses in burned patients from a previously published study, !>
along with our own data, may provide some insight regarding estimated phosphorus balance
in our patients. Using a conservative scenario, we could develop an estimation of phosphorus
balance from the assumption of 60% phosphorus bioavailability from enteral sources, 100%
availability from IV sources, and 22 mmol/d lost from cutaneous sources. Our data suggests
that the thermally injured patients received an approximate mean “net” phosphorus intake of
about 50 mmol/d and had a urinary loss of about 10 to 12 mmol/d. Adding cutaneous losses
to the phosphorus balance equation would result in a positive balance of approximately 15
mmol/d despite a low serum phosphorus concentration. This “net” balance is remarkable as
healthy adult subjects <40 to 50 years old are generally in phosphorus equilibrium; whereas
during growth, in the first two decades of life, average phosphorus balance is only about 2 to
3 mmol/d.27 Balance studies involving 24-hour urine collections are frequently fraught with
error due to incomplete collection of the urine; however, all patients in our study were
catheterized, located in an intensive care unit, and meticulous care was taken to ensure the
accuracy of these collections. These data provide support to suggest a greater role for other
non-renal factors leading to the development of post-burn hypophosphatemia.
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Conclusion

Despite a significantly greater intake of phosphorus, thermally injured patients had lower
serum phosphorus concentrations during the first week of feeding than the multiple trauma
patients. A trend toward an increase in urinary phosphorus excretion was noted for thermally
injured patients when compared with multiple trauma patients; however, these differences
were not statistically significant. Renal phosphorus regulation appears to contribute a lesser
role in the pathogenesis for the profound hypophosphatemia observed in thermally injured
patients receiving specialized nutrition support. Further research is necessary to characterize
the metabolic aberrations of phosphate metabolism in thermally injured patients receiving
specialized nutrition support.

10.

References

Halevy J, Bulvik S. Severe hypophosphatemia in hospitalized patients. 1988 Arch Intern
Med 148: 153-155. doi: http://dx.doi.org/10.1001/archinte.148.1.153

Marik PE, Bedigian MK. Refeeding hypophosphatemia in critically ill patients in an
intensive care unit. A prospective study. 1996 Arch Surg 131: 1043-1047. doi: http://
dx.doi.org/10.1001/archsurg.1996.01430220037007

Sacks GS, Walker J, Dickerson RN, et al. Observations of hypophosphatemia and its
management in nutrition support. 1994 Nutr Clin Pract 9: 105-108. doi: http://dx.doi.org/
10.1177/0115426594009003105

Clark CL, Sacks GS, Dickerson RN, et al. Treatment of hypophosphatemia in patients
receiving specialized nutrition support using a graduated doing scheme: Results from a
prospective clinical trial. 1995 Crit Care Med 23: 1504-1511. doi: http://dx.doi.org/
10.1097/00003246-199509000-00010

Weinsier RL, Krumdieck CL. Death resulting from overzealous total parenteral nutrition
(TPN): The refeeding syndrome revisited. 1980 Am J Clin Nutr 34: 393-399. PMID:
6782855

Vannatta JB, Andress DL, Whang R, et al. High-dose intravenous phosphorus therapy for
severe complicated hypophosphatemia. 1983 South Med J 76: 1424-1426. doi: http://
dx.doi.org/10.1097/00007611-198311000-00025

Zazzo JF, Troche G, Ruel P, et al. High incidence of hypophosphatemia in surgical
intensive care patients: Efficacy of phosphorus therapy on myocardial function. 1995
Intensive Care Med 21: 826-831. doi: http://dx.doi.org/10.1007/BF01700966

Nordstrom H, Lennquist S, Lindell B, et al. Hypophosphatemia in severe burns. 1977
Acta Chir Scand 143: 395-399. PMID: 416633

Lennquist S, Lindell B, Nordstrom H, et al. Hypophosphatemia in severe burns. A
prospective study. 1979 Acta Chir Scand 145: 1-6. PMID: 433511

Lovén L, Nordstrom H, Lennquist S. Changes in calcium and phosphate and their
regulating hormones in patients with severe burn injuries. 1984 Scand J Plast Reconstr
Surg 18: 49-53. doi: http://dx.doi.org/10.3109/02844318409057402

14



I1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Lovén L, Larsson L, Nordstrom H, et al. Serum phosphate and 2,3-diphosphoglycerate in
severely burned patients after phosphate supplementation. 1986 J Trauma 26: 348-352.
doi: http://dx.doi.org/10.1097/00005373-198604000-00008

Lovén L, Larsson J, Lennquist S, et al. Hypophosphatemia and muscle phosphate
metabolism in severely injured patients. 1983 Acta Chir Scand 149: 743-749. PMID:
6666491

Finsterer U, Betz J, Braun S, et al. Metabolism of phosphate and calcium after severe
accidental trauma. 1983 Scand J Clin Lab Invest 43(Suppl 165): 117. PMID: 6578567
Daily WH, Tonnesen AS, Allen SJ. Hypophosphatemia-incidence, etiology, and
prevention in the trauma patient. 1990 Crit Care Med 18: 1210-1214. doi: http://
dx.doi.org/10.1097/00003246-199011000-00004

Berger MM, Rothen C, Cavadini C, et al. Exudative mineral losses after serious burns: A
clue to the alterations of magnesium and phosphate metabolism. 1997 Am J Clin Nutr 65:
1473-1481. PMID: 9129479

Hayek ME, Eisenberg PG. Severe hypophosphatemia following the institution of enteral
feedings. 1989 Arch Surg 124: 1325-1328. doi: http://dx.doi.org/10.1001/archsurg.
1989.01410110087016

Mostellar ME, Tuttle EP. Effects of alkalosis on plasma concentration and urinary
excretion of inorganic phosphate in man. 1964 J Clin Invest 43: 138-149. doi: http://
dx.doi.org/10.1172/JC1104888

Sherman RA, Hwang ER, Walker JA, et al. Reduction in serum phosphorus due to
sucralfate. 1983 Am J Gastroenterol 78: 210-211. PMID: 6687658

Brown GR, Greenwood JK. Drug- and nutrition-induced hypophosphatemia:
Mechanisms and relevance in the critically ill. 1994 Ann Pharmacother 28: 626-632. doi:
http://dx.doi.org/10.1177/106002809402800513

Puschett JB, Goldberg M. The acute effects of furosemide on acid and electrolyte
excretion in man. 1968 J Lab Clin Med 71: 666-677. PMID: 5651365

Tobiasen J, Hiebert JM, O’Brien R, et al. A graded risk index of burn severity. 1980 J
Burn Care Rehabil 1: 31-35.

Champion HR, Sacco WJ, Carnazzo AJ, et al. Trauma score. 1981 Crit Care Med 9:
672-676. doi: http://dx.doi.org/10.1097/00003246-198109000-00015

Baker SP, O’Neill B, Haddon W. et al. The injury severity score: A method for describing
patients with multiple injuries and evaluating emergency care. 1974 J Trauma 14:
187-190. doi: http://dx.doi.org/.1097/00005373-197403000-00001

Knaus WA, Draper EA, Wagner DP, et al. APACHE II: A severity of disease
classification system. 1985 Crit Care Med 13: 818-829. doi: http://dx.doi.org/
10.1097/00003246-198510000-00009

Walton RJ, Bijvoet OLM. Nomogram for derivation of renal phosphate threshold
concentration. 1975 Lancet 2: 309-310. doi: http://dx.doi.org/10.1016/
S0140-6736(75)92736-1

Avioli LV. Calcium and phosphorus. In Modern Nutrition in Health and Disease, Shils
ME, Young VR (eds). Lea & Febiger, Philadelphia, 1988 (7th ed), pp 142-158.

15



27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Kurokawa K, Levine BS, Lee DBN, Massry SG. Physiology of phosphorus metabolism
and pathophysiology of hypophosphatemia and hyperphosphatemia. In Fluid,
Electrolyte, and Acid-Base Disorders, Arieff Al, Defronzo RA (eds). New York:
Churchill Livingstone, New York, 1985, pp 625-659.

Royall D, Fairholm L, Peters WJ, et al. Continuous measurement of energy expenditure
in ventilated burn patients: An analysis. 1994 Crit Care Med 22: 399-406. doi: http://
dx.doi.org/10.1097/00003246-199403000-00008

Mathews JJ, Aleem RF, Gamelli RL. Cost reduction strategies in burn nutrition services:
Adjustments in dietary treatment of patients with hyponatremia and hypophosphatemia.
1999 J Burn Care Rehabil 20: 77-79. doi: http://dx.doi.org/
10.1097/00004630-199901001-00019

Loven L, Anersson E, Lennquist S. Muscular high-energy phosphates and red-cell 2,3-
DPG in post-traumatic hypophosphatemia : An experimental study in pigs. 1983 Acta
Chir Scand 149: 735-741. PMID: 6666490

Tomera JF, Lilford K, Kukulka SP. Changes in diaphragm polyinositol phosphates caused
by large body surface area burn. 1993 Burns 19: 35-42. doi: http://dx.doi.org/
10.1016/0305-4179(93)90098-S

Tomera JF, Kukulka SP, Lilford K. Cross-talk of second messengers during the systemic
trauma response following burn injury: How, when, and where. 1993 Circ Shock 39:
128-138. PMID: 8387897

Tomera JF, Friend KD, Kukulka SP, et al. Modification of calcium flux of twitch skeletal
muscle in mice subjected to 20% body surface area burn. 1992 J Burn Care Rehabil 13:
546-555. doi: http://dx.doi.org/10.1097/00004630-199209000-00007

Tomera JF, Friend KD, Lilford K, et al. Formation of gastrocnemius [*H]-polyinositol
phosphates in response to burn trauma. 1992 Burns 18: 381-386. doi: http://dx.doi.org/
10.1016/0305-4179(92)90036-T

Tomera JF, Lilford K, Kukulka SP. Dysfunctional metabolism induced by the systemic
effects of burn trauma: The role of rates of polyinositol and glycerophosphate formation
in diaphragm. 1993 J Burn Care Rehabil 14: 639-652. doi: http://dx.doi.org/
10.1097/00004630-199311000-00009

Aubier M, Murciano D, Lecocguic Y, et al. Effect of hypophosphatemia on
diaphragmatic contractility in patients with acute respiratory failure. 1985 N Engl J Med
313: 420-424. doi: http://dx.doi.org/10.1056/NEJM198508153130705

O’Connor LR, Wheeler WS, Bethune JE. Effect of hypophosphatemia on myocardial
performance in man. 1977 N Engl J Med 297: 901-903. doi: http://dx.doi.org/10.1056/
NEJM197710272971702

Coyle S, Masters PW, Barnard D. TmP/GFR and ionized calcium in the management of
severe hypophosphatemia. 1992 Ann Clin Biochem 29: 567-569. doi: http://dx.doi.org/
10.1177/000456329202900516

Yu YM, Tompkins RG, Ryan CM, Young VR. The metabolic basis of the increase in
energy expenditure in severely burned patients. 1999 JPEN 23: 160-168. doi: http://
dx.doi.org/10.1177/0148607199023003160

16



40.

41.

42.

43.

44,

Saffle JR, Medina E, Raymond J, et al. Use of indirect calorimetry in the nutritional
management of burn patients. 1985 J Trauma 25: 32-39. doi: http://dx.doi.org/
10.1097/00005373-198501000-00006

Cunningham JJ. Factors contributing to increased energy expenditure in thermal injury: A
review of studies employing indirect calorimetry. 1990 JPEN 14: 649-656. doi: http://
dx.doi.org/10.1177/0148607190014006649

Dickerson RN, Gervasio JM, Riley ML, et al. Accuracy of predictive formulas to
estimate resting energy expenditure of thermally injured patients. 2002 JPEN 26: 17-29.
doi: http://dx.doi.org/10.1177/014860710202600117

Barak V, Schwartz A, Kalickman I, et al. Prevalence of hypophosphatemia in sepsis and
infection: The role of cytokines. 1998 Am J Med 104: 40-47. doi: http://dx.doi.org/
10.1016/S0002-9343(97)00275-1

Elledge ES, Smith AA, McManus WF, et al. Heterotopic bone formation in burn patients.
1988 J Trauma 28: 684-687. doi: http://dx.doi.org/10.1097/00005373-198805000-00023

17



	A comparison of renal phosphorus regulation in thermally-injured and multiple trauma patients receiving specialized nutrition support
	Recommended Citation
	Authors

	10.1177/0148607101025003152

